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FOREWORD 


This  publication  was  prepared  undcsr  contract 
by  the  tmiTED  STATES  JOINT  PtBLICATLONS  RE¬ 


SEARCH  SERVICE,  a  federal  government  organi¬ 
ze  7  •  ^'^jJ^^-ion'^fe^ta^ished  to  service  the  translation 

j I n  u ♦  n  fi  arii  .'research  needs  of  the  various  govemmont 


depart  rrents^ 


JERS:  3338 

CSO:  3622-D 


IKVESTIGATIOWS  CSP  EIECTRODT  ABD  lOH  COIilSi^OflS 

following  la  a  traiislation  of  an  article  "by  L.  A.  Sena, 
Doctor  of  Phyaicojuathe^stical  Sclencea,  in  Veetnlk  AN 
SSSR  (tfereia  of  the  Acadesay  of  Solencas  tESST,  Bo.  12, 
Moscow,  1959»  Pages  9'4-95__/ 


Ilie  study  of  the  pi’oceEsea  ocovi'ring  In  collisions  of  electrons 
and  loaaa  with  the  atonus  and  molecules  of  gases  constitutes  one  of  the 
most  ia^ortant  fields  of  gas  electronics.  Interest  in  this  field  has 
grown,  particularly  in  recent  years,  in  connection  with  the  extenslYa 
developiont  of  the  physics  of  hot  plasias,  astrophysics,  and  the  physics 
and  technology  of  accelerating  charged  particles,  toa^erstanding  the 
elementary  processes  which  take  place  in  electron  and  ion  collisions 
is  also  very  important  in  studying  electrical  phonomena  in  all  leiyers 
of  the  ataioaphere  (storm  dischargee,  physics  of  the  ionosphere) ,  and 
the  doYelopment  of  ionic  instruments  of  different  types  for  mss 
spoctroscopy,  radiation  chemistry,  etc. 

The  First  AU-JLialon  Coaferenco  on  Electron  and  Ion  Collisions, 
he3.d  in  Eiga  in  the  period  26  Juuo-“3  *July,  aroused  great  interest 
among  the  physicists  of  the  nation. 

The  Conference  devoted  its  main  attention  to  the  following 
prohlems:  the  collision  of  electrons  with  atoms,  chief jy-  from  the 
viewpoint  of  determining  the  functions  of  excitation  and  ionization; 
Inelastic  co3.11slons  of  positive  ions  with  atoms  and  molecules; 
charge -exchange,  particularly  resonance;  and  the  formation  of  negative 
ions.  The  discuss. ion:^  of  all  these  pro'olems  was  interesting  and  fruit¬ 
ful,  and  good  contact  was  established  b9t,weon  theoretical  and  experi¬ 
mental  scientists.  The  symposium  also  proceeded  in  a  very  lively 
manner.  Certain  problems  which  had  aroused  the  greatest  interest  at 
the  conference  were  discuesad  hare:  the  ionisation  of  heavy  particles 
near  the  energy  threshold,  rejieatsd  ionization  by  elactronic  Impacts, 
and  resonance  charge -exchange. 

The  Conference  w8.b  opened  with  a  survey  paper  by  L.  A  ,  Vaynshteya 
devoted  to  general  quantum  mechanics  methods  for  calcu3.ating  functions 
o£  the  excitation  of  atoms  by  electronic  impact.  The  methods  developed 
recently  for  such  calcu3.atlon3  take  into  account  the  possibility  of 
using  electronic  computers  and  permit  computing  with  high  accuracy. 

The  results  of  concerete  calculations  of  excitation  functions  were 
also  given  in  a  number  of  the  otlier  papers  (3.  G.  Dolgov  and  L.  A. 
Vaynshteyn,  V,  Ya.  Vel’dre,  R,  Ya.  Damburg,  V,  Ya.  Kravchenko,  B.  Peterkop), 
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Electron  colllelons  were  also  touched  upon  In  the  paper 

Yu.  E.  Demkor  "Variational  Methods  in  the  Theory  of  Collisions," 

Papers  on  the  experimental  study  of  the  excitation  functions  of 
certain  atoms  and  molecules  vere  heard  vith  interest.  Hare  mention 
should  he  made  of  the  research  done  hy  I.  P.  Bogdanova,  who  applied 
an  original  method  for  measuring  excitation  functions  at  levels  with 
low  threshold  enereisa. 

The  extensive  experimental  studies  of  inelastic  collisions  of 
hsavy  particles  (ions,  at  .:;ft,and  molecules)  caj?risd  out  in  the 
Pbysico-Technical  institute  of  the  i  cademy  of  Sciences  l-SSR  under 
the  leadership  of  V.  M.  Dukel’skiy  and  K,  V.  Fedorenko  have  attracted 
attention  for  a  long  time,  both  in  the  Soviet  Union  and  abroad. 

K,  V.  Fedorenko  gave  a  survey  of  the  experimental  data  obtained  as 
a  result  of  investigating  ionization  in  ion-atom  collisions  in  a 
region  of  enorglea  in  the  thousands  of  electron  volte. 

G.  F.  Drukarev  reported  on  theoretical  methods  for  calculating 
effective  cross  sections  (constituting  measures  of  the  prohahility 
of  the  process)  of  the  processes  of  the  collisions  of  heavy  particles. 
It  is  necessary  to  note,  however,  that  the  'luantum  mechanics  theory 
of  these  processes,  which  play  an  important  role  in  the  operation 
of  the  instruments  used  in  carrying  out  experiments  on  controlled 
thermonuclear  reactions,  is  very  little  developed.  Eoticeahle  success 
has  been  obtaiiiod  in  recent  years  in  this  field  by  the  Soviet  theoret¬ 
ical  plysioist  0.  B.  Flreov,  who  has  constructed  an  approximate 
q,uantum  mechanics  theory  which  gives  a  general  formula  of  the  effective 
ionization  cross  section  as  a  function  of  the  velocity  of  the  ions. 

;b  shown  in  N.  V.  Fedorenko’s  paper,  0.  B.  Firaov'e  formula  agrees 
in  a  qualitatively  satisfactory  manner  with  the  exTr^irisiental  data 
for  a  fairly  large  number  of  the  processes  that  were  studied.  Co¬ 
workers  in  the  laboratories  of  N.  ’V.  Fedorenko  and  V.  M,  Duksl’skiy 
(V.  V.  Afros Imov,  I.  P.  Flake,  Yu.  F.  Bydin,  and  othars)  presented 
a  number  of  papers  on  the  study  of  certain  types  of  collisions  of 
heavy  particles  (ionization  of  fast  alkali  atoms  in  collisions  with 
molecular  gases,  formation  of  multi-charge  ions,  and  scattering  of 
multi-charge  ions  accompanied  by  the  capture  of  electrons) . 

The  process  of  charge -exchange  between  the  ion  and  the  neutral 
atom  (charge -exchange)  plays  an  important  part  in  gas  electronics. 

The  case  of  resonenc©  charge -exchange,  la  which  the  ion  and  the 
atom  belong  to  the  same  gas,  is  of  particular  intarest.  The  papers 
by  A.  M.  Eufchteyev  and  Yu.  F.  Bydin,  B.  H.  Kushnlr  and  I.  M.  Buchma, 
and  D.  V.  Chkyaseli  were  devoted  to  the  investigation  of  resonance 
charge -exchange  in  pairs  of  alkali  metals  for  which,  acooi’ding  to 
theory,  the  probability  of  charge -exchange  is  particularly  great. 

There  is  a  noticeable  divergence  in  the  data  obtained  in  this  re¬ 
search,  but  they  support  the  conclusions  of  the  theory  both  in  the 
order  of  values  and  in  the  observed  patterns. 
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The  paper  hy  Ya,  M.  Fogel'  and  his  co-vorkers  vas  concerned  vith 
the  investigation  of  the  foraiation  Of  negative  ions  and  their  collieions 
vith  gas  atoais.  In  analyzing  the  results  obtained,  Ya.  M.  Fogel* 
showed  tiiat  the  patterns  of  negative  ion  formation  fitted  veil  in  the 
framework  of  Messl's  adiabatic  hypothesis.  The  problem  of  the  treat¬ 
ment  and  applicability  of  this  hypothesis  was  the  object  of  the 
discussion  Initiated  by  the  short  paper  given  by  G.  F.  Dukel'skiy 
establishing  the  connection  between  the  characteristic  dimens j|  on  con- 
taiaied  in  Messl’s  criterion  and  the  most  probable  value  of  the  trans¬ 
mitted  impulse. 

Several  papers  on  Individual  problems  were  also  read  at  the 
conference :  on  the  ti’ansf er  of  energy  In  molecular  collisions 
(Ye.  y.  Stupoohsnko  and  A.  I.  Osipov),  on  the  theory  of  oscillatory 
relaxation  and  thermal  decay  of  diatomic  molecules  (il.  D.  Sokolov 
and  Ye .  Ye .  Mkitin) ,  on  the  role  of  stop  processes  in  the  formation 
of  protons  in  Ionic  sources  (M.  B.  Gabovich),  and  others. 

The  content  of  the  papers  presented  at  the  conference  and  their 
dlsciwsion  showed  that  Soviet  scientists  have  achieved  significant 
progress  in  this  la^ortant  field  of  theoretical  and  experimental 
physios.  The  theory  of  a  number  of  pi’ocesses  was  developed  markedly. 
Original  experimental  methods  were  worked  out  and  applied  which  were 
frequently  more  highly  perfected  than  those  in  foreign  laboratories. 

It  Is  especially  noteworthy  that  several  scientific  schools  were  es¬ 
tablished  in  the  field  of  research  in  electi’on  and  atom  collisions 
(Moscow  and  Leningrad  Universities,  the  Phs^eioB  Institute  Imeni  Lebedev, 
the  Leningrad  and  Khar'kov  Physloo-Technlcal  Institutes,  the  Institute 
of  Physics  of  the  Academy  of  Sciences  of  the  Latvian  SSB,  and  others). 

At  the  seme  time,  each  of  them  is  developing  its  own  objectives  and 
methods,  and  is  training  young  scientists. 

la  spite  of  the  progress  noted  here,  however,  it  is  not  possible 
to  consider  the  development  of  the  physics  of  electron  and  atom 
collisions  as  adequate.  Not  enough  attention  has  been  devoted  to 
many  processes  of  electron  collisions  (the  excitation  of  energy  levels 
of  ions  by  electron  impacts,  the  radiation  given  off  in  the  collision 
of  heavy  particles,  and  others).  Little  work  has  been  done  on  collisicns 
of  particles  with  very  low  energies  (close  to  thermal) . 

The  delegates  to  the  Conference  directed  attention  in  the  resolue 
tlons  they  adopted  to  the  shortcomings  enumerated  above  and  recommended 
concrete  ways  for  eliminating  them.  Plans  were  made  to  convene 
meetings  similar  to  this  conference  periodically  and  to  establish  a 
coordinating  council  on  electron  and  Ion  collieions  in  the  Bapertment 
of  Physical  and  Mathematical  Sciences  of  the  Academy  of  Sciences  USSR. 
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